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INTRODUCTION. 

In  selecting  as  a  thesis  subject  the  examination  and  re- 
port upon  a  highway  bridge,    it  is  not  the  purpose  of  the 
writer  to  attack  the  problem  in  a  new  and  original  way,  or 
to  endeavor  to  contribute  any  new  principle  to  the  methods 
or  bridge  analysis  and  investigation.    It  is  the  purpose, 
rather,    to  use  methods  that  are  accepted  as  standard,  to  ap- 
ply these  to  the  structure  in  question,    and  to  measure  its  ef- 
ficiency by  these  standards. 

Much  may  be  said  in  the  explanation  and  defense  of  such 
a  thesis.    It  trains  the  writer  in  the  application  of  methods 
and  formulas  used  by  the  standard  bridge  companies  of  the  coun- 
try, and  in  the  interpretation  of  standard  specifications;  cul- 
tivates a  keen  observation  of  the  minute  details  of  a  struct- 
ure; and  presents  an  opportunity  for  the  exercise  of  judgment 
as  to  what  constitutes  evidence  or  indication  of  the  beginning 
of  failure,  and  as  to  how  far  that  indication  may  be  allowed 
to  develop  before  steps  should  be  taken  to  arrest  it.  This 
is  a  field  to  which  the  civil  engineer  is  frequently  called, 
and  any  training  and  experience  which  the  student  may  derive 
from  such  an  examination  and  report,  is  that  much  additional 
preparation  for  the  duties  that  may  await  him  in  the  practice 
of  his  profession. 

It  is  assumed  that  the  writer  has  been  asked  to  examine 
the  Mill  street  Bridge  at  Danville,  Illinois,  and  to  make  a 
report  upon  it  to  the  city  Engineer;  and  this  fact  will  con 
trol  the  nature  and  style  of  the  discussion. 


2. 


THE  REPORT. 

On  March  5th,  1906,  the  writer  visited  the  Mill  street 
Bridge  at  Danville,  Illinois,  and  made  a  careful  inspection 
of  the  same  in  compliance  with  your  request.    Such  measure- 
ments were  made  as  were  necessary  to  determine  the  dead  load 
of  the  structure,  and  the  efficiencies  of  its  various  members. 
It  was  difficult  to  obtain  the  exact  size  of  all  of  the  de- 
tails, and  for  this  reason  the  dead  load  as  determined  is  per- 
haps somewhat  less  than  its  true  value.    However,  the  differ- 
ence is  so  small  that  it  will  not  materially  affect  the  ef- 
ficiencies of  the  various  members  of  the  truss.    A  minute  in- 
spection was  made  of  the  construction  and  condition  of  all 
the  details,  such  as  splices,  rivets,  bolts,  pins,  piers, 
and  floor  system,  as  well  as  of  the  main  members  of  the  truss. 

The  bridge  is  located  in  the  western  part  of  the  city 
of  Danville,  Illinois,  and  spans  the  North  Pork  of  Vermill- 
ion River.    It  is  a  wrought-iron  structure,  and  was  construct- 
ed in  1889  by  the  LaPayette  Bridge  company,  of  LaFayette,  In- 
diana.   It  was  built  to  connect  Danville  with  the  coal  mines 
and  the  large  brickyard  just  west  of  the  city;  and  since  it 
is  but  a  short  distance  from  the  city  to  this  brickyard,  it 
is  probable  that  practically  all  of  the  brick  used  in  Dan- 
ville passes  over  this  bridge.    It  is  also  used  by  a  large 
rural  population.    The  character  of  the  traffic  is  thus  seen 
to  be  heavier  than  than  that  which  the  ordinary  highway 
bridge  is  called  upon  to  support. 

The  bridge  is  composed  of  a  west  approach,  a  main  span, 
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and  an  east  approach.    Plate  1,  shows  the  elevation  of  the 
entire  structure.    The  roadway  is  17  feet  wide,  and  there  is 
a  4  l/5-foot  sidewalk  on  each  side.    The  floor  system  consists 
of  a  5*  oak  floor  supported  by  12"  x  3"  oak  Joists  which  rest 
upon  iron  floor  beams.    The  system  is  the  same  throughout  the 
bridge,  except  in  the  west  approach.    In  this  approach,  there 
are  twice  as  many  joists  per  panel  as  in  the  main  span  and 
the  east  approach. 

The  investigation  will  be  made  according  to  Cooper's 
Specifications  for  Steel  Highway  and  Electric  Railway  Bridges 
and  Viaducts,  1901  Edition;  and  the  bridge  will  be  investiga- 
ted as  a  class  c*  bridge,  having  a  live  load  of  100  pounds  per 
square  foot  of  floor  area. 

I.  MAIN  SPAH. 

The  main  span  is  a  Whipple  deck  truss  of  ten  panels,  and 
is  173 »  4"  long.    The  trusses  are  25'  high,  and  are  17'  apart 
center  to  center.    The  east  end  of  the  span  is  supported  by 
two  circular  wrought-iron  pillars.    The  west  end  rests  upon 
a  nest  of  rollers  placed  upon  sandstone  pillars  which  are 
flush  with  the  top  of  the  ground.    Plate  2,  shows  the  compo- 
sition, stresses,  and  efficiencies  of  the  various  members  of 
the  truss. 

Top  Chord  and  End  Posts.-  The  top  chord  and  end  posts 
are  composed  of  two  10-inch  20-pound  channels,  and  a  16"  x 
1/4"  cover  plate.  The  channels  are  placed  10"  apart  back  to 
back,  and  are  secured  on  the  under  side  by  batten  plates. 
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The  cover  plate  extends  the  entire  length  of  the  above  members. 
The  spacing  of  the  rivets  in  these  members  is  6W  center  to  cen- 
ter.   The  top  chord  is  spliced  at  each  panel  point.    The  splice 
plates  used  on  the  channels  are  9"  x  1/4"  x  1*  8",  and  those 
on  the  cover  plate  are  16 M  x  1/4"  x  l»  8M.    A  minute  inspec- 
tion of  these  splices  was  made,  and  their  condition  was  care- 
fully noted.    The  channels  and  cover  plate  have  good  abutting 
contact,  and  the  field  rivets  are  in  good  condition.    No  in- 
dication of  weakness  nor  sign  of  failure  could  be  observed  in 
any  of  these  splices. 

The  efficiencies  of  the  end  posts  and  top  chord  are  quite 
low.    This  is  due  largely  to  eccentricity  of  loading,  but  may 
be  due  in  part  to  the  fact  that  the  channel  sections  do  not 
conform  to  the  standard  sections  of  our  modern  handbooks  on 
structural  steel.    The  dimensions  of  the  channels  are  such  as 
to  make  it  difficult  to  determine  their  weight,  area,  and  mo- 
ment of  inertia;  and  they  may  have  been  assumed  too  small. 
This  assumption  would  increase  the  unit  stress,  and  decrease 
the  efficiency. 

Bottom  chord.-    The  bottom  chords  are  composed  of  eye 
bars.    The  size  of  the  bars  is  well  adapted  to  the  stresses 
to  which  they  are  subjected,  as  the  efficiencies  of  the  chord 
are  high  and  vary  but  little  from  the  end  to  the  center  of  the 
span.    All  of  the  bars  are  in  excellent  condition,  and  no  ev- 
idence of  weakness  can  be  detected  in  any  of  them. 

Verticals.-    The  stresses  in  the  hip  vertical  are  low, 
and  as  a  consequence  the  efficiency  of  this  member  is  high. 
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The  other  verticals  of  the  trrniss  are  composed  of  two  8-inch 
16  1/4  pound  channels,  laced  9  1/2"  back  to  back.    The  effi- 
ciencies of  these  members  are  high,  and  they  are  evidently  car- 
able  of  sustaining  the  load  which  they  are  liable  to  be  call- 
ed upon  to  support.    A  close  inspection  has  revealed  no  defect 
in  any  of  them,  and  they  are  quite  satisfactory. 

Diagonals.-  The  diagonals  are  composed  of  eye  bars  of  va- 
riable cross  section,  and  the  efficiencies  range  in  value  from 
68$  to  86$.    The  lowest  efficiencies  are  found  in  the  counters. 
In  any  bridge  the  counter  is  just  as  important  as  any  other 
web  member;  and  if  it  is  not  sufficiently  strong,  it  may  be  a 
source  of  danger  that  would  warrant  a  condemnation  of  the 
structure.    However,  this  is  not  the  only  source  of  weakness 
in  the  web  system.    In  U7L5,  the  diagonals  are  composed  of  two 
1  1/8 «  square  bars.    On  the  south  side  of  the  bridge,  one  of 
these  bars  is  considerably  longer  than  the  other,  and  there- 
fore is  completely  out  of  action.    If  both  bars  were  acting 
under  the  assumed  load,  the  member  would  have  an  efficiency  of 
but  71$,  but  when  only  one  is  acting  this  efficiency  is  reduc- 
ed to  less  than  36$.    There  is  no  turnbuckle  in  the  bar,  hence 
the  defect  is  difficult  to  remedy.    This  diagonal,  therefore, 
becomes  a  greater  source  of  danger  than  the  counter. 

Floor  Beam.-    The  form  of  floor  beam  is  shown  in  Fig.  1, 
Plate  5.    It  is  a  girder  composed  of  a  l/4"  web,  and  four  3"  x 
2"  x  1/4 «  angles.    The  depth  of  the  beam  at  the  center  is  24", 
and  at  the  ends  the  depth  is  12".    In  determining  the  efficien- 
cy, it  was  assumed  that  the  stresses  due  to  shear  are  resisted 
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by  the  web  alone,  and  those  due  to  bending  are  resisted  toth 
by  the  web  and  by  the  flange  angles,  1/8  of  the  area  of  the 
cross  section  of  the  web  being  considered  as  flange  equiva- 
lent.   The  dead  load,  consisting  of  the  bean  itsel^,  the  joist 
and  the  floor,  is  6,700  pounds.    The  assumed  live  load  of  100 
pounds  per  square  foot  of  roadway  is  29,700  pounds.  This 
gives  a  total  load  of  36,400  pounds  to  be  supported  by  each 
beam.    The  efficiency  of  the  beam  against  shearing  is  found 
to  be  117$,  and  against  bending  79$.    The  tensile  stress  used 
in  determining  these  efficiencies  is  11,700  pounds  per  square 
inch.    Had  an  allowable  stress  of  14,900  pounds  per  square 
inch  been  used,    the  beam  would  have  an  efficiency  of  100$ 
against  bending. 

The  method  of  fastening  the  beam  to  the  top  chord  is 
shown  in  Pig.  2,  Plate  3.    The  weakness  of  this  connection  is 
obvious,  as  a  small  movement  of  the  beam  might  produce  a  mo- 
ment of  sufficient  intensity  to  sever  the  connection. 

Joists.-    The  joists  are  of  oak  and  are  12"  x  3tt  x  20' , 
spaced  2  feet  center  to  center.    They  will  be  investigated  as 
though  they  were  new.    According  to  the  specifications,  the 
allowable  unit  stress  is  1200  pounds.    The  maximum  stress  will 
occur  when  a  large  traction  engine  or  road  roller  passes  over 
it.    We  will  assume  that  a  traction  engine  weighing  16,000 
pounds  passes  over  the  bridge  in  such  a  manner  that  the  front 
and  the  rear  wheels  on  the  same  side  of  the  engine  are  support 
ed  by  two  joists.    l/3  of  the  load  is  on  the  front  axle,  and 
2/3  is  on  the  rear  axle.    The  wheel  base  is  taken  as  8  feet. 
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Under  the  above  loading,  the  maximum  bending  moment  will  occur 
when  the  rear  wheel  and  the  center  of  gravity  of  the  two  wheels 
are  equally  distant  from  the  center  of  the  joist.    With  this 
loading  the  efficiency  of  the  joist  is  44^.    To  have  an  effi- 
ciency  of  100"j,    the  allowable  unit  stress  would  have  toA3000 
pounds,  or  the  loading  correspondingly  reduced.    The  general 
condition  of  the  floor  and  joists  of  the  main  span  is  good, 
but  on  account  of  the  low  efficiency,  it  would  not  seem  advis- 
able to  permit  the  bridge  to  be  subjected  to  a  load  of  the 
above  character. 

Top  Laterals,-  The  composition,  stresses,  and  efficien- 
cies of  the  top  lateral  system  are  shown  in  Fig.  1,  Plate  4. 
The  rods  range  in  size  from  1"  in  diameter  in  the  middle  pan- 
els to  1  l/2*  in  the  end  panels.    The  floor  beam  acts  as  a 
strut  in  this  system,  and  its  connection  to  the  top  chord  shown 
in  Plate  3  was  considered  under  the  discussion  of  the  floor 
beam.    Hence  it  will  not  be  further  considered  here.    The  con- 
nection of  the  top  lateral  rod  to  the  top  chord  is  shown  in 
Fig.  3,  Plate  5.    The  efficiencies  of  the  members  of  this  sys- 
tem are  high  and  it  is  quite  satisfactory. 

Lower  Laterals.-    The  composition,  stresses,  and  efficien- 
cies of  the  lower  lateral  system  are  shown  in  Fig.  2,  Plate  3. 
The  struts  of  this  system  are  composed  of  two  4-inch  6  l/4 
pound  channels,  and  the  diagonals  are  rods  varying  in  size 
from  3/4"  to  1  1/4"  in  diameter.    The  struts  are  connected  to 
the  lower  chord  by  means  of  a  stirrup  as  shown  in  Figs.  1,  and 
2,  Plate  5;  and  the  rods  are  fastened  by  means  of  a  bent  "eye" 
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or  loop  through  which  the  chord  pin  passes.     This  connection 
is  also  shown  in  Vigs.  1  and  2,  Plate  5.    Both  of  these  connec- 
tions are  objectionable,  but  no  indication  of  buckling  can  be 
observed  in  the  stirrup,  and  no  evidence  of  failure  can  be  de- 
tected in  the  rods.     In  only  one  instance  iB  the  efficiency 
less  than  1004,  and  the  entire  system  is  highly  satisfactory. 

Portals.-    The  portals  of  the  main  span  are  shown  in  Pig. 
3,  Plate  4.    The  members  are  sufficiently  strong,  and  are  in 
good  condition. 

Sway  Bracing.-    The  sway  bracing  is  composed  of  two  7/8" 
rods  running  diagonally  from  the  base  to  the  top  of  the  inter- 
mediate posts.    The  function  of  this  bracing  is  to  give  rigid- 
ity to  the  bridge.    The  stresses  to  which  the  members  of  the 
system  are  subjected  are  somewhat  questionable,    but  it  would 
seem  that  the  bracing  is  sufficiently  strong. 

Pins.-    The  maximum  bending  moment  in  the  middle  pin  of 
of  the  lower  chord  was  determined,  and  its  efficiency  was 
found  to  be  78$.    As  the  maximum  stresses  occur  in  the  members 
attached  to  this  pin,  it  is  probable  that  the  other  pins  have 
greater  efficiencies  than  the  above,  since  there  is  no  unusual 
arrangement  of  members  at  any  joint  and  the  pins  are  nearly 
uniform  in  size.    Hence  there  would  appear  to  be  but  little 
danger  of  a  failure  of  any  pin. 

Pedestals.-    The  pedestals  at  the  west  end  of  the  main 
span  have  been  badly  neglected,  and  have  become  covered  with 
earth.    The  rollers  have  become  so  completely  clogged  and  rust- 
ed that  roller  action  is  impossible.    The  masonry  plate  is  suf- 
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ficiently  large  to  comply  with  the  specifications;  but  there 
is  no  provision  to  secure  the  sole  plate  to  the  roller  nest 
except  the  weight  of  the  truss.    While  it  is  not  absolutely  es- 
sential that  there  be  such  a  provision,  yet,  if  there  were 
some  such  anchorage,  it  would  be  more  nearly  in  harmony  with 
modern  practice  and  would  furnish  some  additional  security 
against  the  overturning  of  the  truss. 

II.  APPROACHES. 

West  Approach.-    The  west  approach  is  a  viaduct  200  feet 
long  with  a  4$  rise  towards  the  bridge.    It  is  supported  by 
ten  trestle  bents  which  rest  upon  sandstone  pillars.  The 
posts  of  the  trestle  bents  are  composed  of  two  5-inch  6  1/2 
pound  channels.    These  channels  are  laced,  and  are  4  l/2tt 
apart  back  to  back.    The  bents  are  connected  by  two  3"  x  3B  x 
3/8 n  angles,  as  shown  in  Fig.  2,  Plate  6.    The  composition, 
stresses,  and  efficiencies  of  the  several  members  of  the  high- 
est bent  are  shown  in  Pig.  1,  Plate  6.    You  will  observe  that 
the  efficiency  of  the  post  is  only  88$.    This  does  not  reveal 
a  dangerous  condition,  and  I  consider  the  bent  sufficiently 
strong  for  ordinary  purposes. 

With  the  exception  of  the  number  of  foists  per  panel,  the 
floor  system  in  this  approach  is  the  same  as  that  for  the  main 
span.    The  joists  are  much  inferior  to  those  of  the  remainder 
of  the  bridge.    Some  of  them  are  badly  decomposed,  and  seem 
to  be  capable  of  sustaining  but  little  more  than  their  own 
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weight.    To  counterbalance  this  condition,  they  are  spaced 
1  foot  center  to  center  instead  of  2  feet  as  in  the  main  span. 

In  connecting  the  west  approach  to  the  main  span,  no  ex- 
pansion joint  was  provided,  and  as  a  consequence,  the  small 
I-beam  that  secures  the  first  trestle  bent  of  this  approach  to 
the  end  posts  of  the  main  span,  has  been  badly  buckled. 

East  Approach.-    The  east  approach  is  composed  of  five 
deck  Pratt  truss  spans,  and  four    panels  supported  by  trestle 
bents.    The  trusses  are  10  feet  high,  70  feet  long,  and  have 
four  panels  to  the  span.    They  are  supported  by  trestle  bents 
which  have  posts  composed  of  two  10-inch  15-pound  channels, 
laced  back  to  back.    The  roadway  at  its  highest  point  is  48 
feet  above  the  pillars.  . 

The  dead  load  is  6,300  pounds  per  panel;  and  the  live 
load,  which  is  assumed  to  be  the  same  as  that  of  the  main 
span  -  100  pounds  per  square  foot  of  floor  area  -  is  22,400 
pounds  per  panel. 

The  composition,  stresses,  and  efficiencies  of  the  sever- 
al members  of  the  truss  are  shown  in  Plate  7.    You  will  ob- 
serve that  the  efficiencies  have  a  wide  range,  and  are  the 
lowest  in  the  upper  chord.    As  in  the  main  span,  this  low  ef- 
ficiency is  due  to  the  eccentricity  of  loading  of  this  member. 

The  top  and  the  bottom  lateral  systems,  the  floor  system, 
and  the  sway  bracing,  in  the  Pratt  trusses  are  similar  to  those 
in  the  main  span.    They  are  sufficiently  strong,  and  the  mem- 
bers are  in  good  condition.    The  general  condition  of  the 
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Pratt  trusses  is  good,  and  no  sign  of  deterioration  can  be  ob- 
served. 

Trestle  Bents.-    The  form,  composition,  stresses,  and  ef- 
ficiencies of  the  highest  trestle  bent  of  the  east  approach 
are  shown  in  Fig.l,  Plate  8.    The  efficiencies  are  high  in  all 
members  of  the  bent  except  the  posts.    The  low  efficiency  of 
this  member  is  due  to  its  height  which  require  the  use  of  a 
small  allowable  unit  stress,  10,700  pounds  per  square  inch 
being  used. 

When  the  bridge  is  fully  loaded,    the  overturning  moment 
of  the  bent  due  to  wind  is  1,374,000  foot  pounds;  and  the  re- 
sisting moment  due  to  the  dead  and  the  live  loads  is  2,810,000 
foot  pounds.    Hence  there  is  a  factor  of  safety  of  2  against 
overturning.    When  the  bridge  is  not  loaded,    the  wind  moment 
is  872,000  foot  pounds;  and  the  resisting  moment  is  630,000 
foot  pounds.  Hence  there  is  a  moment  of  242,000  foot  pounds 
to  be  resisted  by  the  anchorage.    As  a  result  of  this  moment, 
there  is  a  direct  tensile  stress  in  the  anchor  bolts  of  10,000 
pounds.    This  stress  is  amply  provided  for  by  the  four  1  1/4 n 
bolts  used. 

Fig.  2,  Plate  8,  shows  the  connection  of  the  floor  beam 
of  this  approach  to  the  post  of  the  trestle  bent .    The  rigid 
system  of  bracing  used  in  the  bent  renders  this  connection 
sufficiently  secure. 
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III.  PIERS. 

The  east  end  of  the  main  span  is  supported  by  two  circu- 
lar wrought  iron  tubes.    These  tubes  are  4  l/2  feet  in  diame- 
ter, and  are  25  feet  high,  and  are  filled  with  concrete.  They 
are  in  good  condition.    The  trestle  bents  of  the  two  approach- 
es, and  the  west  end  of  the  main  span  rest  upon  masonry  piers 
of  squared  sandstone. .    One  pier  under  the  east  approach  is 
badly  damaged,  and  has  been  repaired  by  means  of  an  iron  band. 
There  are  a  few  small  cracks  in  some  of  the  other  piers  of 
this  approach,  but  they  are  not  sufficiently  large  to  be  a 
source  of  danger.    Under  the  west  approach,    there  are  two 
masonry  piers  that  are  badly  damaged,  and  should  be  repaired. 

The  masonry  plates  of  the  west  approach  and  at  the  west 
end  of  the  main  span  are  sufficiently  large  to  comply  with 
the  specifications;  but  those  of  the  east  approach  do  not  have 
the  bearing  area  upon  the  masonry  that  is  required  for  a  bridge 
of  this  class,  and  are  therefore  unsatisfactory. 

IV.  CONCLUSION. 
While  it  is  desirable  that  all  the  members  of  a  truss 
should  have  a  high  efficiency,  this  is  a  condition  that  may 
not  be  absolutely  necessary  to  insure  the  reasonable  safety 
of  the  structure.    The  specifications  under  which  the  investi- 
gation is  made  may  allow  but  a  small  unit  stress;  and  the  class 
under  which  the  bridge  is  assumed  to  belong  may  give  an  ex- 
cessive loading.    Although  the  allowable  unit  stresses  used 
m  this  investigation  are  not  exceptionally  small,  they  are 
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well  within  the  Unite  of  safety,  and  doubtless  may  be  consid- 
erably increased  without  very  great  danger  to  the  structure. 
The  assumed  live  load  of  100  pounds  per  square  foot  of  floor 
area  is  excessive  for  this  bridge,  and  one  which  in  all  prob- 
ability it  will  never  be  called  upon  to  sustain.    It  would 
have  been  poor  engineering  to  have  designed  it  to  support  such 
a  load,  located  where  it  is,  and  it  would  be  using  equally  poor 
judgment  to  condemn  the  structure  because  of  the  low  efficien- 
cy of  its  members  due  to  such  an  assumed  load.    For  the  pur- 
poses of  ordinary  traffic,  the  bridge  is  reasonably  safe.  It 
has  stood  for  17  years,  and  with  the  exception  of  one  or  two 
piers,  shows  no  evidence  of  the  beginning  of  failure.  There 
is  no  reason  for  anticipating  a  heavier  traffic  than  that  to 
which  it  has  been  subjected.    Therefore,  I  would  recommend 
that  the  fractured  piers  be  repaired,  and  that  the  rollers 
under  the  west  end  of  the  main  span  be  renewed  and  maintained 
in  good  condition. 
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